Microwave radiometry at low frequencies (L band: 1.4 GHz, 21 cm) is an established technique for estimating surface soil moisture and sea surface salinity with a suitable sensitivity. However, from space, large antennas (several meters) are required to achieve an adequate spatial resolution at L band. So as to reduce the problem of putting into orbit a large filled antenna, the possibility of using antenna synthesis methods has been investigated. Such a system, relying on a deployable structure is now proved to be feasible and has led to the Soil Moisture and Ocean Salinity (SMOS) mission which is described in this paper. The main objective of the SMOS mission is to deliver key variables of the land surfaces (soil moisture fields), and of ocean surfaces (sea surface salinity fields). The SMOS mission is based on a 2 dual polarised L band radiometer using aperture synthesis (2-D interferometer) so as to achieve a ground resolution of 50 km at the swath edges coupled with multi angular acquisitions. The radiometer will enable frequent and global coverage of the globe and deliver surface soil moisture fields over land and sea surface salinity over the oceans. The SMOS mission was proposed to the European Space Agency in the framework of the Earth Explorer Opportunity Missions. It was selected for a tentative launch in 2005. The goal of this paper is to present the main aspects of the baseline mission 1 and describe how soil moisture will be retrieved from SMOS data.
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INTRODUCTION: MISSION RATIONALE
Water and energy fluxes at the surface/atmosphere interface are strongly dependent upon soil moisture. Evaporation, infiltration and runoff are driven by Surface Soil Moisture (SSM) while soil moisture in the vadose zone governs the rate of water uptake by vegetation. Soil moisture is thus a key variable in the hydrologic cycle. The spatio-temporal evolution of soil moisture fields is an important factor for numerical weather and climate models, and should be accounted for in hydrology and vegetation monitoring [1] - [2] .
For the oceans, Sea Surface Salinity (SSS) plays an important role in the Northern Atlantic sub polar area, where flow intrusions with low salinity influence the deep thermohaline circulation and the meridional heat transport. Variations in salinity also influence the nearsurface dynamics of tropical oceans, where rainfall modifies the buoyancy of the surface layer and the tropical ocean-atmosphere heat fluxes. SSS fields and their seasonal and inter-annual variabilities are thus tracers and constraints on the water cycle and on the coupled oceanatmosphere models [3] .
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Even though both SM and SSS are used in predictive atmospheric, oceanographic, and hydrologic models, no capability exists to date to measure them directly and globally. The SMOS mission is aimed at filling this gap through the implementation of a satellite that has the potential to provide globally and routinely this information [4] . Over land it is also expected that the SMOS mission will provide significant information on vegetation water content, and root zone soil moisture, which will be very useful for regional estimates of crop production. Finally, significant research progresses are expected over the cryosphere, by improving the assessment of snow packs, and multi-layered ice structures. These quantities are of significant importance to the global change issue.
A direct way to monitor SSM and SSS is through the use of L band (21 cm, 1.4 GHz) microwave radiometer systems. Other means (higher frequency radiometry, optical sensing, active microwaves remote sensing) suffer strong deficiencies due to vulnerability to cloud cover and/or various perturbing factors (such as soil surface roughness or vegetation cover).
They have inferior sensitivity to SSM and SSS. .
Even though the L-band radiometry concept was demonstrated early by a space experiment (SKYLAB) back in the 1970's, no dedicated space mission followed because achieving a suitable ground resolution (≤ 50-60 km) required a prohibitive antenna size (≥ 4 m). All the research work was consequently performed using either ground (PAMIR, PORTOS, etc) or airborne radiometers (e.g. PBMR, PORTOS, ESTAR) with significant achievements (see for instance [5] ).
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Recent development of the interferometry design inspired from the very large baseline antenna concept (radio astronomy) makes such a venture now possible. The idea consists of deploying small receivers in space (located on a deployable structure), then reconstructing a brightness temperature (T B ) field with a resolution corresponding to the spacing between the outmost receivers. The idea was put forward by LeVine et al. in the 1980's (the ESTAR project) and validated with an airborne prototype [6] . In Europe, an improved 2D concept was next proposed to the European Space Agency (ESA) [7] : the Microwave Imaging Radiometer using Aperture Synthesis (MIRAS) concept. This concept has now materialised into the SMOS mission. While SMOS capitalises on the ESTAR design, it embodies major improvements. The two-dimensional interferometer allows measuring T B at several incidence angles, for two polarisations. The instrument instantaneously records a whole scene; as the satellite moves, a given point within the 2D field of view is observed from different view angles. The series of independent measurements allows retrieving surface parameters with much improved accuracy [8] . Some instrument details are presented below together with the soil moisture retrieval method.
SCIENCE OBJECTIVES
Even though the SMOS mission is designed to deliver both soil moisture and sea surface salinity fields, this paper will only deal with the soil moisture retrievals as that is the topic of this special issue.
Basic principles
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A number of studies using either ground based or airborne radiometers have shown the high potential of low frequency passive microwaves for retrieving soil moisture [9] - [11] . At L band soil moisture in the first centimeters (typically 5 cm) impacts significantly on the emitted brightness temperature T B (about 2 K per percent volumetric soil moisture over bare soil) through a straightforward link between T B and SSM [9] - [10] . However, to be able to retrieve globally soil moisture it is necessary to account for perturbing factors. At L band, atmospheric contribution is limited (a few K at most and can be accounted for with climatological or analysis estimates of atmospheric water vapor content). Similarly, clouds and rain have a negligible effect [12] . The ionosphere, through the Faraday rotation also has an influence on the measured signal at L band [13] . Around 6 am the Faraday effect is minimal and a maximum polarisation rotation of 5 to 10° may be encountered which translates, if not corrected, into an error on the measured brightness temperature of 1 to 4 K. With a knowledge of the total electron content (TEC) with an accuracy of 30% this effect can be efficiently corrected to match the soil moisture retrieval accuracy expected (4% vol).
The microwave response to surface characteristics is strongly dominated by SSM (m 3 /m 3 ), but also by vegetation attenuation and effective surface temperature T e . The temperatures of the observed medium contributing to the signal is mainly the soil equivalent temperature (first several centimeters) and the canopy temperature. These quantities are difficult to assess on a global scale and do vary. However, around sunrise, and in most cases, thermal equilibrium is reached leading to air, vegetation and soil temperature to be almost equal without a gradient. It is then possible to use either air temperature or thermal infrared measurements as a proxy for T e due to the temperature uniformity. Other surface characteristics are needed in the retrieval process: soil surface roughness, topography, soil texture, land cover and vegetation type [14] . However, most of these parameters can be considered as stable with time, and can thus be estimated or calibrated once, prior to observations, from ancillary information (soil maps, high spatial resolution data in the optical domain, digital elevation models).
Vegetation cover also has an influence on the brightness temperatures and it is necessary to account for the effect of vegetation. The approach described below aims at using the polarisation and angular information delivered by SMOS to retrieve both soil moisture and vegetation water content providing the vegetation is not completely masking the surface signal (i.e. vegetation water content higher than about 5 kg/m 2 ).
Requirements
The key variable to monitor over land surfaces for satisfying the above-mentioned goals is surface soil moisture. The main requirement is to obtain this information with sufficient accuracy to make it useful in hydrologic and meteorological models (0.04 m
coupled with an adequate temporal sampling. In order to capture rain events and drying out sequences, a high temporal sampling is required. Recent studies [15] , have shown that a revisit time of 2-3 days depending upon the region is appropriate. The spatial resolution requirements are linked to the field of application, i.e. from 50 -100 km for climate models (Global Circulation Models) to 10-20 km or even less for hydrology and agronomy [2] . The coverage should be global.
To retrieve soil moisture from space, it is necessary to account for vegetation contribution and correct for topographic effects and surface temperature. The SMOS concept by delivering angular information allows retrieving soil moisture in the presence of vegetation [16] - [17] .
To separate soil and vegetation contributions to land emissivity, the SMOS concept makes full use of the dual-polarised multi incidence angle acquisitions. The instantaneous Field Of View (FOV) of SMOS (figure 1) covers a large surface with pixels seen with different incidence angles (typically ranging from 0 to 55 °). The shape of the footprint is dictated by the geometry of the array (the Y array yields a hexagonal shape), limited on the borders by the aliases of the Earth and finally shaped by its projection at an angle (tilt angle of the interferometer) on a quasi spherical surface (the Earth) (see [18] and [19] for more details).
Every 3 second such a FOV is acquired which corresponds roughly to a displacement of 22 km. Consequently, as the satellite progresses, any given location on the earth surface is "seen" a number of times depending on the location with respect to the satellite subtrack (the further away, the fewer the angular acquisitions). Along track, the full range of angles is obtained, typically 23 independent samples). The retrieval concept consists in using all the angular and polarised acquisitions to retrieve separately the soil moisture and vegetation water content (see [8] and [17] ). Figure 2 depicts the retrieval accuracy as a function of the distance to the swath centre. Since vegetation water content evolves less quickly than soil moisture with time, the rationale to improve accuracy on the edges of the swath is to perform a retrieval of soil moisture with the vegetation water content estimated by a previous orbit acquired when the pixel was near the center (see [17] ). The time difference between the two acquisitions in the center of the swath being less than 6 days. Consequently, the vegetation water content is retrieved together with soil moisture in the centre part of the field of view (FOV) every 6 days at most (depending on latitude) and used for soil moisture retrievals in the outer part of the FOV subsequent orbits. Surface topography is constant with time and, once known, can be accounted for in the retrieval. Further studies are required to assess the exact contribution of topography on the signal. Obviously variable footprint size with incidence angle will have to be accounted for. Surface temperature could be retrieved from the angular measurements but with a limited accuracy, which does not have a significant impact on soil moisture retrievals.
However Wigneron et al. [8] , have shown that if surface temperature is known from an external source with an accuracy of 2 K, the retrieval algorithm would be sufficiently accurate to meet the science objectives. Consequently, classical means of obtaining surface temperature (thermal infrared instruments coupled with models for cloud covered periods, or higher frequency microwave measurements or air temperature fields) would be adequate.
Once surface moisture is known, it is possible to infer root zone soil moisture [15] . Recent studies [20] - [21] show that surface soil moisture such as those obtained through microwave radiometry during an hydrological event (e.g. a drying period) can provide estimates of the corresponding surface hydraulic conductivity. A similar approach was used in [16] , where soil moisture content at field capacity was assessed from in situ measurements of surface soil moisture.
MISSION DESCRIPTION
The baseline SMOS payload is an L band (1.4 GHz) 2D interferometric radiometer that is Y shaped with three 4.5 m arms. The radiometer is accommodated on a generic PROTEUS platform (Fig. 3) . The folded satellite is compatible with most launchers shrouds and launching capability (Rockot, Taurus, or PSLV being the most likely used)..
It is proposed to launch SMOS on a sun synchronous (6 a.m. ascending) circular orbit. Raw measuring performances are: 30 to more than 50 km for ground resolution (defined as the geometric mean of the major and minor axis of the ground projection of a pixel assumed to be an ellipse), 0.8 to 3 K for radiometric sensitivity (1.5 s integration time for each polarization), 1 to 3 days for temporal sampling, depending upon latitude, nature of the target and location within the instrument field of view. The mission minimum duration is 3 years (5 years expected). 
The Instrument
The instrument has three deployable co-planar arms 120 degrees apart. Each arm is 4. 
Operational mode
Each 300ms an image is taken. Horizontal and vertical polarisation images are interlaced. The Instrument Control Unit averages 5 images to obtain one that is formatted and sent to the platform. The equivalent integration time is 1.5s per polarisation. So two images (one per polarisation) are available every 3s. The instrument is calibrated every 10 images (15s) during 600ms: a correlated noise is injected at the receivers input for 300ms, then a non correlated noise is injected for 300ms.
Other modes are possible: the receivers can be continuously connected to only one output of the antenna (polarisation H or V), or to the calibration unit. The calibration period can be decreased or increased depending on requirements or on actual performances of the instrument. A complete acquisition sequence can be also loaded from the ground.
Platform and orbit
The orbit altitude was selected to minimise the accessibility delay for a global coverage assuming an altitude within the range 650-800 km in order to achieve good spatial resolution. 
Data acquisition and pre-processing
The tasks for transforming the actual measurements of the instrument into the final image are summarised in the generic term "image reconstruction". The innovative design of the proposed SMOS instrument is based on the novel passive high-resolution imaging capabilities of aperture synthesis devices. In [18] the image acquisition and reconstruction basis are explained. The various experience and the wide background of the group members, including hardware implementations of interferometric radiometer prototypes [22] , [23] , system performance analysis, error correction, image reconstruction and end-to-end simulations of SMOS-type instruments, has led to the identification of three main classes of issues: error correction, image reconstruction and calibration. The different tools currently available, concerning both the theoretical and technical aspects, will be used in a complementary manner, to develop a novel and innovative tool for an end-to-end simulation of a SMOS-type synthesis radiometer. It will offer solutions for operational error correction, image reconstruction and calibration [24] - [25] .
Data processing
Once the brightness temperature fields are produced, data will be processed to achieve the scientific goals. Over land several, approaches are under investigation. The basic scheme will consist in retrieving soil moisture and vegetation water content through the use of the polarisation and angular information as described in section 2. However, several issues still need to be addressed to account for the surface topography and the mixed pixel issues.
Topography plays a role on the signal as over a pixel topography will induce varying effective view angles. It can assimilated to a macroscale surface roughness. It can be taken into account by using existing Digital Elevation Models (DEM) coupled with modelling of the impact on the signal or, being stable with time, estimated and "calibrated" once. These aspects are not fully validated yet but it is expected to fine-tune the approach once SMOS data are available.
From the analysis of data acquired during previous missions (SMMR, SSM/I), it is expected to be possible to model the topographic effects as a pseudo roughness for SMOS spatial resolution. Of course these effects will not change with time and could be accounted for empirically.
The mixed pixel issue is certainly more difficult to tackle as it will vary with time (seasons, land cover, land use) and will be complicated by the fact that the pixel size varies with view angle. Moreover, presence of water, snow or very dense canopies (dense forests) will induce non-linear effects and will thus have to be accounted for in the retrieval process. To address these last points, ancillary data such as maps of water masses, snow cover maps derived from SSM/I, and global vegetation maps may be used. These elements will be used during the retrieval process to separate the contributions. The feasibility is being demonstrated and studies to assess the required level of accuracy on the knowledge of water bodies and forest contributions are underway. Due to the necessary integration time, smearing effect will occur (about 22 km). This effect will have to be taken into account during the processing (as with most microwave radiometers) with the difference that the two polarisations will be interlaced.
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Once the surface soil moisture is obtained, it will be used in an assimilation scheme to infer root zone soil moisture and soil hydraulic characteristics as tested already [15] , [20] - [21] .
Once the soil moisture retrievals (both surface and root zone) are validated and the usefulness of the measurements are demonstrated, it is planned to directly assimilated them in weather forecast models.
Finally the brightness temperatures collected by SMOS may be directly assimilated into Global Circulation Model including a Soil Vegetation Atmosphere Transfer (SVAT) scheme.
Calibration and Validation
A good calibration scheme will be necessary to ensure the expected scientific return.
Calibration of the sensor will be first made (receivers level) using usual methods for radiometers (hot and cold sources) coupled with a complete modelling of the instrument and novel techniques (phase closure). Obviously the success of the calibration procedure will be strongly dependent on the instrument qualities especially in terms of element similarity and accurate knowledge of each element. However it is also planned to have calibration (in terms of brightness temperatures) using vicarious data. This will be done using several "targets" of identified signatures and easy to monitor. Actually the main problem is linked to the spatial resolutions not compatible with classical ground measurements. Currently several targets have been identified.
The first one is a large extend of Sea (Sargasso) of fairly uniform temperature and stable salinity which is also monitored. Other ocean sectors will be used (targets of opportunity) taking advantage of planned experiments or specific campaigns. The second target will be an area in Antarctica close to Dome C which is a scientific station (75.125° S; 123.25° E) on a 14 high isotropic plateau where routine measurements are made. The profile in the ice cap is monitored; the area is very homogeneous and large with a "dry" atmosphere. It is expected to be possible to compute the brightness temperature emitted by the area (including volume scattering) with a significant level of accuracy and at scales compatible with the sensor's spatial resolution. Finally other targets are also being investigated (large lakes, tropical rain forest, deserts) but difficulties are expected in those areas due to the penetration depth of the L-band signal and to the spatial and temporal variabilities.
The validation of the products will be performed over monitored areas. Over the oceans we do not expect too much trouble per se, but for salinity retrievals we will be working at the very edge of the sensor sensitivity and, consequently, the access to high quality ancillary data will be crucial. Over land it will not be possible to perform an actual validation, as it is impossible to implement measurements over a pixel, let alone the subsequent aggregation of ground measurements. To overcome this issue, we will use several approaches in parallel: (i) comparison with GCM or mesoscale model ouputs. This will be just a consistency test of course; (ii) use in forecast model and check whether the output is improved with respect to model output without soil moisture data; (iii) comparison with measurements done over large areas (typically the GEWEX type experiments) and with simultaneous measurements performed with aircrafts as performed during large scale campaigns [5] such as the SGP experiments [25] 
CONCLUSION
SMOS is a mission with broad and ambitious scientific objectives. It can also be considered as a demonstrator mission which allows both an assessment of the potential for L-Band 2D interferometric radiometry for operational uses and to enable preparing future and upgraded 15 technical implementations. Significant progresses in terms of weather forecasting, climate monitoring and extreme event forecasting rely on a better quantification of both Soil Moisture (SM) and Sea Surface Salinity (SSS). Several recent studies and workshop reports conclude that further improvements now depend upon the availability of global observational information on SSM and SSS [27] - [28] .
The baseline mission described in this paper is ambitious but fully achievable [4] . Actually, the novel aspects of the interferometry concept have been validated by the ESTAR concept [29] . The science background is very sound and the mission should fill existing gaps in our knowledge of surface variables (soil moisture, ocean salinity). The technological solutions have been found to be perfectly feasible thanks to several studies performed through ESA.
The approach taken in SMOS is conservative with ample margins to ensure success.
It is clear nevertheless that a number of issues exist, as depicted above. The mission being very innovative, current knowledge does not allow us to always have clear-cut answers. All the known issues have been investigated and solutions proposed [30] . Currently, the SMOS mission is undergoing phase A studies at ESA. During this phase, the design of the instrument is being re-evaluated by ESA which might lead to alterations of the baseline scenario presented here. In parallel, scientific studies have been launched to address some of the issues depicted above. Several field experiments are underway to validate the solutions and check the retrieval algorithms.
The SMOS concept will be a demonstrator of L band measurements over the globe, paving the way to more ambitious concepts in terms of spatial resolution or frequency range. SMOS will undoubtedly make available long needed global and frequent estimates of surface soil moisture, vegetation biomass and sea surface salinity and foster new research in these fields as 
